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Purpose: Abdominal aortic aneurysm orphologic evaluation with conventional imaging 
techniques i  inadequate when endovascular repair is being contemplated. This study has 
addressed the problem with magnetic resonance imaging (MRI). 
Methods: Twenty patients (14 men, 6 women) with a median age of 73 years were recruited 
and assessed according to current endovascular g aft selection criteria. Thirteen patients 
subsequently underwent open aneurysmorrhaphy, andthe intraoperative parameters have 
been comeared with those of duplex ultrasonograpy and MRI. 
Results: No significant difference was demonstrated in the diameter of the infrarenal neck 
among ultrasonography, MRI, and intraoperative findings (p > 0.05, Mann Whitney U 
Test) and also during assessment of infrarenal neck length; however, duplex sonography 
accurately defined the renal ostia in only five cases. MRI visualized 38 of 40 renal arteries. 
Distal aortic involvement (cuff diameter and length) and the length and diameter of the 
common iliac arteries were accurately determined by MRI in all cases, and no significant 
difference was demonstrated with the intraoperative findings. Comparison of the 
intraoperative and MRI aneurysm lengths uggested a slight trend of overestimation by
MRI resulting from angulation of the aneurysm, but this figure did not reach statistical 
significance. Only two patients met the current criteria for endoluminal straight grafting. 
Conclusions: Both MRI and duplex sonography accurately predicted aortic morphologic 
characteristics; however, MRI provided the most comprehensive anatomic picture for 
patient selection and should be considered the nonionizing imaging modality of choice 
when an endovascular repair is being contemplated. (J Vasc Surg 1996;24:632-8.) 
Graft replacement therapy for abdominal aortic 
aneurysm (AAA) was introduced by Dubost et al. ~ in 
1951. The concept of transluminal p acement of an 
endovascular p osthesis was first proposed by Dotter 2
in 1969, but it has only been since 19863 that AAA has 
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been specifically targeted for transfemoral endolumi- 
nal repair? -8 
Since the publication of Parodi's preliminary clini- 
cal results in 1991,9 there has been renewed interest in 
more accurate morphologic assessment ofAAA. 
Conventional imaging techniques such as angiog- 
raphy, ultrasonography, and conventional computed 
tomography (CT) have been used to demonstrate he 
morphologic haracteristics of both the aortic wall 
and the adherent thrombus mass. However, addi- 
tional information about the infrarenal neck, renal 
ostial position, available distal aortic cuff, and tortu- 
osity of the iliac arteries for passage of the delivery 
system is now required to select patients, particularly 
for the insertion of endovascular bifurcated grafts. 
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Table I. Current criteria for endovascular 
straight graft 
Proximal neck length >2 cm and diameter <24 mm 
AAA length <13 cm 
Distal cuff diameter <24 mm 
One common iliac artery with lumen >8 mm and angula- 
tion <60 degrees 
Iliac artery diameter <20 mm 
Many centers use spiral CT, which can provide infor- 
mation relating to these parameters, andearly criteria 
for endoluminal straight aortic tube grafting (Table I) 
have demonstrated that only 6% to 15% 1°,~1 of patients 
may be suitable for repair. Angiography, ultrasonog- 
raphy, and conventional CT cannot be relied on to 
provide these parameters. 
This study has addressed the problem with the use 
of magnetic resonance imaging (MRI) and magnetic 
resonance angiography. The aortic parameters ob- 
tained have been compared with duplex sonography 
and intraoperative measurements, he most funda- 
mental measure by which to judge accuracy, in an 
attempt o redefine the roles that these imaging 
modalities may have in the era of endovascular tech- 
nology. 
PATIENTS AND METHODS 
Patients were cruited irectly from the outpa- 
tient department. After review was performed, they 
were sent to the vascular studies unit for a duplex scan 
(Advanced Technology Laboratories, Ultramark 9, 
Seattle, Wash.) initially to confirm the diagnosis and 
then to measure the maximum anteroposterior (AP) 
diameter of the aortic neck, aneurysm, and cuff. The 
length of available infrarenal aorta was assessed be- 
tween the most distal renal artery and the aneurysm, 
and the diameter of each common lilac artery was also 
recorded. Patients with confirmed infrarenal AAAs on 
duplex examination were recruited for MRI after fully 
informed consent was obtained. 
MRI was performed with a Siemens-Magnetom 
Impact 1 Tesla MRI scanner (Siemens, Erl~ingen, 
Germany). Six different imaging sequences were used 
£or optimal demonstration of the relevant aortic 
aneurysm orphologic haracteristics according to 
the protocol in Table II. The preliminary scan local- 
ized the site of the aneurysm, allowing optimal 
localization for subsequent images. The Tl-weighted 
images were performed in transverse, coronal, and 
sagittal planes throughout the length of the aneu- 
rysm. Attention was paid to the relationship of the 
renal ostia to the neck of the aneurysm and also to the 
Fig. 1. Tl-weighted gradient echo sequence (flash two 
dimension - gadolinium-enhanced) demonstrating both 
renal arteries (~), normal caliber infrarenal neck (N), and 
available distal, mildly ectatic aortic cuff (C) for stent 
placement. 
distal aorta (Figs. 1 and 2). The two-dimensional 
time-of-flights involved five continuous acquisitions 
through the lilac arteries, which were then processed 
to produce a maximum intensity projection (MIP, 
Fig. 3). This procedure allowed a multiplanar ssess- 
ment of the internal diameter, length, and tortuosity 
of the common iliac external artery (CIA) and the 
external iliac artery. The final sequence was performed 
to demonstrate flow within the aortic lumen, allowing 
comparable measurements to those obtained from 
routine angiography. This Tl-weighted "Breath- 
hold" gradient echo sequence (turboflash MIP se- 
quence: flash two-dimensional) followed intravenous 
injection of gadolinium, a contrast enhancement 
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Table I I .  Imaging values for MRI  sequences 
Sequence MRI software parameters 
Body scout (3 seconds) 
Two-dimensional time-of-flights 1 min 36 sec x 5 
T1-Weighted transverse 5 rain 14 sec 
Tx-Weighted coronal 4 rain 22 secs 
T1-Weighted sagittal 
Breathold Maximum intensity projection 4 x 18 sec 
Turboflash localizer. TR 6.3 msec, TE 3 msec, TI 500 msec 
Flip 8 degrees. 3 slices, 10 mm thick (1 transverse, 2 coronal). 
FOV 500 mm 
TR 44 msec TE 10 mscc Flip 40 degrees 
10 slices, 5 mm thick (transverse). FOV 400 mm 
Distance factor- 0.2 
TR  540 msec, TE 15 msec 
18 slices, 8 mm thick. FOV 35-40 cm 
Distance factor 0.3 
TR450 msec, TE 15 msec 
15 slices, 5 mm thick. FOV 40 cm 
Distance factor 0.2-0.3 
TR450 msec, TE 15 msec 
15 slices, 5 mm thick. FOV 40 cm 
Distance factor 0.2-0.3 
T1-Weighted gradient echo sequence "flash two-dimensional" TR  
100 min, TE 4 msec, 10 slices, 4-5 mm thick. 
Flip 80 degrees. FOV 45 cm (Coronal). No distance factor 
TR, Repetition time; TE, echo-time; T/, inversion time; FOV, field of view. 
agent with paramagnetic properties for use in MRI. 
The results obtained by this technique were compared 
with the nonconwast scans for discrepancies in the 
appreciation of aneurysmal size. 
The results of the MRI  scans were discussed with 
each patient, and on the basis of the AP diameter a
decision was made to proceed to operation or surveil- 
lance. Aneurysms with an AP diameter greater than 
5.5 cm proceeded to surgery in the absence of any 
overt contraindications to interventions. Open AAA 
repair involved transperitoneal exposure of  the infra- 
renal abdominal aorta. Both renal arteries were iden- 
tified but not formally dissected. Modified intraop- 
erative calipers were used to obtain outer maximal AP 
and transverse diameters of the neck, aneurysm, cuff, 
and common lilac arteries. Intraoperative measure- 
ments were performed independently by two sur- 
geons who were each blinded to the other's results. 
No significant difference was seen between the two 
sets of data. Infrarenal neck length was measured 
before X-clamping was performed, but all other 
parameters were obtained after X-clamping was per- 
formed to eradicate variability caused by pulsation. 
Marked tortuosity of the aneurysm in three patients 
necessitated measurement from the prevertebral fas- 
cia to the most ventral point of the AAA to avoid 
unnecessary etroperitoneal dissection. 
Assessment ofiliac length with MRI  involved the 
MIP facility, and the maximum length was taken as the 
greatest distance demonstrable between bifurcation 
and division of the common iliac artery on five 
separate views each rotated by 18 degrees to the 
previous image. Multiple views were used to avoid 
underestimation of lilac artery length commonly 
found on a frontal view because oftortuosity. During 
surgery the CIA and aortic bifurcation wcrc exposed, 
and axial caliper measurements were performed after 
genre manual traction was used to straighten the 
artery. Identical andmarks to the MRI assessment 
were used for measurement. 
Measurements of aneurysm orphologic harac- 
teristics were blinded at each stage of patient assess- 
ment after the diagnosis was confirmed. Duplex scans 
were performed by one vascular technologist. All 
MRI scans were viewed by a single radiologist. Intra- 
operative parameters were obtained by a single sur- 
geon, who was unaware of the MRI or duplex results 
at the time of surgery. 
RESULTS 
Twenty patients (14 men, 6 women, median age 
73 years) with infrarenal AAAs were recruited. The 
MKI parameters are demonstrated in Table II I .  Thir- 
teen patients subsequently underwent open aortic 
aneurysm surgery; all received astraight Dacron graft. 
The duplex, MRI, and intraoperative aortic dimen- 
sions are analyzed in Table IV. The 4-cm diameter 
aneurysm was a symptomatic saccular aneurysm that 
was believed to be best treated by formal aneurys- 
morrhaphy. Postoperative complications included 
one patient with transient renal dysfunction and two 
patients with chest infections. No operative mortality 
occurred, and average time to discharge was 11.6 
days. 
MKI in one patient demonstrated a false aneurysm 
and not a true infrarenal AAA. This finding had not 
been distinguished on ultrasonography. The patient 
proceeded to surgery because the aneurysm was 
symptomatic, and he underwent successful repair. 
Specimens ent for microbiologic evaluation did not 
demonstrate a responsible pathogen despite having 
the histologic appearance of a mycotic aneurysm. 
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Fig. 3. Two-dimensional time-of-flight image. Oblique 
views of lilac vessels to assess tortuosity, c, Common iliac 
arteries; i, internal iliac arteries; e, external lilac arteries. 
Fig. 2. Tl-weighted gradient echo sequence (flash two- 
dimensional - gadolinium-enhanced) demonstrating renal 
arteries (-9), normal caliber neck (N), and extension of 
dilatation to involve bifurcation a d common iliac arteries 
(no cuf f~ ~). 
The nonoperative group included five patients 
who remain on a surveillance program (AAA size 4.0 
to 5.4 cm) and two patients (AAA size 6 cm) who were 
classified as extremely high-risk candidates for surgery 
and were therefore treated conservatively. 
No significant difference was demonstrated in the 
diameter of the infrarenal neck, aneurysm, or cuff 
among ultrasonography, the T~-weighted MRI im- 
ages, and the intraoperative findings (p> 0.05, 
Mann-Whitney U Test). The time-of-flight sequences 
gave an accurate prediction of luminal aortic diameter 
at the level of the aortic neck, but because of the 
presence of aneurysmal thrombus, they were inaccu- 
rate predictors ofAP aneurysm diameter. No signifi- 
cant difference xisted between MRI (excluding the 
two-dimensional time of flight) and the operative 
measure of the length of available neck and the length 
from neck to cuff (true aneurysm length). Although 
ultrasonography correctly determined aortic neck 
diameter, it was able to assess neck length accurately in 
only five cases because of poor definition of the most 
distal renal artery. MRI was found to be more reliable 
in determining the relationship of the aneurysm neck 
to the renal arteries and correlated well with the 
intraoperative findings. MRI visualized the renal 
arteries in all cases except two, one with agenesis of the 
right lddney and one with a renal artery occlusion. No 
significant difference among intraoperative, ultra- 
sonographic, or MILl cuff diameter was demon- 
strated. Cuff length and also the length and diameter 
of the CIA was best assessed by MRI in all cases with 
its direct multiplanar imaging facility. Bilateral CIA 
ancurysms (> 3 0 mm diameter) and occluded internal 
iliac arteries were demonstrated in one patient and 
confirmed uring surgery. Two other patients also 
had aneurysmal CIA, and two patients had incidental 
renal cysts. 
Preoperative identification of ancurysmal throm- 
bus may bc helpful in predicting the risk of preopera- 
tive distal embolization during deployment of the 
endoluminal device. The presence of thrombus was 
assessed by duplex scanning and MRI in all cases and 
was confirmed at operation. Formal quantification 
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Table II I .  MRI parameters (20 patients) 
Median Range 95% Intervals 
Parameter (ram) (ram) (ram) 
Neck diameter 21 15-35 20.8-25.3 
Neck length 22.5 0-60 17.6-31.4 
AAA diameter 52.5 38-85 48.7-58.5 
AAA length 105 58-I60 96.9-I20.9 
Cuff diameter 32 15-55 28.0-37.3 
Cufflength 0 0-39 1.0-12.0 
RCIA diameter 12 7-30 11.7-18.0 
RCIA length 60 33-100 55.7-69.8 
LCIA diameter I2 8-32 I 1.2-16.9 
LCIA length 60 45-100 54.2-67.1 
RCLA, Right common iliac artery; LCIA, left common iliac artery. 
was not performed in this study, although no throm- 
bus was identified within the infrarenal neck in the 
operative group. 
During this study it was apparent hat some 
aneurysms are tortuous and do not have predictable 
longitudinal xes. Those aneurysms with curved axes 
may influence the length of an endoluminal device 
required for complete xclusion of the aneurysm sac. 
Three aneurysms in our group of patients had a 
greater than 25-degree angulation from the longitu- 
dinal axis of the vertebral column (Fig. 4). Compari- 
son of the intraoperative and MRI aneurysm lengths 
revealed a slight rend of overestimation byMRI. This 
figure did not reach statistical significance and may be 
related to either the method of axial ength assessment 
or to the size of the study population. 
Although no significant difference was demon- 
strated with MRI and operative measurements for 
iliac length, we believed that they necessitated some 
refinement, because amargin for error may still exist 
with MRI images rotated by 18 degrees. Thinner 
slices may potentially improve the accuracy of the 
technique ven further. Assessment ofiliac tortuosity 
was inadequate during surgery, and we believed that 
although angulation in relation to the axial plane of 
the aorta can be quantified and used as an 
inclusion/exclusion criterion, the final decision to 
pass a system through the iliac arteries will depend on 
the experience of the operator, his or her general 
impression of feasibility while assessing the iliac ves- 
sels, and the nature of the device itself. 
DISCUSSION 
Numerous techniques have been used to obtain 
images of AAAs in the past; however, the advent of 
transfemoral endoluminal stenting for AAA has re- 
suited in renewed interest in the accurate assessment 
of aortic morphologic haracteristics for operative 
planning and patient selection. Perianeurysmal di- 
mensions, particularly neck diameter and length, the 
relationship of the aneurysm to he renal ostia, true 
Fig. 4. T 1-weighted gradient echo sequence demonstrat- 
ing aneurysmal tortuosity with advanced disease ndcalcu- 
lation of aortic angulation from longitudinal p ane, which 
may potentially affect length of endoluminal graft that is 
required for aneurysm exclusion. N, neck; B, bifurcation; 
(--~) renal arteries. 
aneurysm length, cuffdiameter, cufflength, and iliac 
dilatation and tortuosity are now required. Limi- 
tations exist with all the conventional imaging mo- 
dalities. 
Intraarterial ngiography provides excellent ana- 
tomic representation f the contrast-filled aortic lu- 
men and its branches but fails to give adequate 
assessment of luminal diameter in cases in which the 
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aneurysm is partially filled with an adherent thrombus 
mass. Reliance on mural thrombus for hemostatic 
graft attachment is generally agreed to be inadequate, 
and as a result angiography should be used only to 
supplement the findings of other imaging modalities. 
The method, however, may be technically difficult in 
older patients with tortuous vessels or those with 
stenosis or occlusion and carries with it the risk of 
catheterization and contrast reaction. Intravenous 
digital subtraction angiography is a more recent and 
technically simpler procedure, generally requiring 
only an intravenous injection of contrast material, 
with accuracy and information content similar to 
those ofintraarterial ngiography. 12 Technical prob- 
lems, however, include an inadequate contrast bolus 
resulting from poor cardiac output in elderly patients, 
artifacts in patients who cannot hold their breath, and 
problems with bowel gas and peristalsis. 
Ultrasonography demonstrates aortic dilatation 
with an accuracy approaching 100% ~3 but poorly 
localizes the origins of the visceral and renal arteries in 
relation to the aortic dilatation and hence the length 
of available aortic neck for stent application. It may 
also frequently be adversely affected by obesity and 
bowel gas. It remains highly operator-dependent, a d
an aorta with fresh thrombosis or complete occlusion 
can be missed. 14 
Conventional CT scanning ives a good indica- 
tion of the extent of both vessel wall and vessel lumen 
dilatation. Slice thiclmess varies the degree to which 
the visceral and renal artery origins can be accurately 
identified. A significant radiation exposure occurs, 
and the use of contrast material may be a complicating 
factor in patients with diffuse atherosclerotic disease 
and reduced renal reserve. ~5 Spinal CT is a recent 
S spiral development in CT technology that allows 
multiplanar nd three-dimensional reconstructions to 
be performed to provide a very realistic model of the 
diseased aorta. Further development ofendovascular 
surgery will almost certainly involve the use of spiral 
CT, and some would consider it already to be the new 
gold standard. 
MRI is now more prevalent and continues to 
become more accessible to most hospital practitioners 
within the British Isles. It combines the advantages of
several imaging modalities without sharing many of 
their disadvantages. Gadolinium-enhanced MRI has 
been reported recently to provide appropriate, ssen- 
tial, anatomic information for aortic reconstructive 
surgery) 6'17 Our work has confirmed that the use of 
MR[ can reliably obtain images of all aspects of aortic 
aneurysm orphologic characteristics before surgery 
and provides excellent soft-tissue contrast differentia- 
tion. Other investigators 1~'18,19 have demonstrated a 
good correlation comparing MR[ with ultrasonogra- 
Table IV. Analysis of duplex, MRI, and 
operative data (13 patients) 
Imaging Median Range 95%Intervals 
Aortic parameter technique (mm) (mm) (ram) 
Neck diameter Duplex 20 18-30 19.1-25.1 
MRI 20 17-30 i9.0-25.2 
Operative 20 18-30 19.3-25.2 
Neck length Duplex 20 20-55 22.6-51.4 
MRI 15 0-60 11.3~39.0 
Operative 17 0-55 11.8-38.2 
AAA Diameter Duplex 55 32-75 48.0-64.2 
MRI 55 40-85 50.9-67.8 
Operative 55 40-83 49.7-66.3 
AAA Length MRI 100 56-160 85.9-129.2 
Operative 95 60-I50 84.0-120.4 
RCIA Diameter Duplex 10 6-30 7.5-16.7 
MRI 10 7-30 8.2-17.3 
Operative 10 8-30 8.4-17.1 
LCIA Diameter Duplex 10 8-30 7.4-16.4 
MRI 10 8-32 7.9-17.7 
Operative 10 10-30 8.4-17.0 
No significant difference (p > 0.05 Mann-Whitney U Test). 
RCIA, Right common iliac artery; LCIA, left common lilac artery. 
phy and CT but have concentrated on the AP diam- 
eter and confirmation of the inffarcnal position with- 
out accurately determining neck lengths. 
Disadvantages do exist with MRI. Initial equip- 
ment outlay is expensive, 19but the cost of individual 
scans in our own unit is almost comparable to that of 
some of the other imaging modalitics. Clips uscd on 
intracranial neurysms may undergo deflection in the 
magnctic field and cxert a forcc considerably greater 
than arterial pressure. Death from arterial rupture in 
these circumstanccs has been reported. 2° Paccmakers, 
certain orthopcdic prosthescs, and other strategically 
located vascular clips are also excluded from exami- 
nation by MRI. 
The duration of the entire examination with the 
combination sequences was 30 minutes. Although all 
the paticnts in this study werc cooperative, some will 
refuse the examination because of claustrophobia. 
The MRI sequencc was simple and rapidly became 
routinc. In thc future endovascular repair may be 
applied to ancurysm ruptures, but at present he 
naturc of MR[ scanning excludes its use in patients 
with instability. 
Assessment of the iliac system with MRA gave 
adequate information i  all patients. The technique is
increasingly being performed as a noninvasive 
method of evaluating patients with suspected vascular 
disease. 21'22 In cases in which the time-of-flight MR[ 
signal is degraded by slow, turbulent, or in-plane flow, 
imagcs of the vcssels may bc obtained ynamically 
during the continuous infusion ofparamagnetic con- 
trast material. 23 However, this procedure is rarely 
necessary invessels of normal caliber that have strong, 
continuous, laminar flow. No widely accepted tcch- 
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niques for assessment of tortuosity exist, although 
some authors have proposed their own methods. 
The most important factor is the internal diameter 
of the external and common iliac arteries for passage 
of the delivery mechanisms. In our study of 20 cases 
the smallest dimension recorded was 7 ram, but with 
the reduction in gauge of the newer delivery systems, 
it is hoped that problems with iliac passage will be 
avoided. Common iliac artery diameter is also vital 
when a distal stent application is being contemplated 
for either a bifurcated endoluminal device or aorto- 
iliac device with crossover graft. The three patients 
with aneurysmal disease throughout the aorto-iliac 
segment may be excluded from further assessment 
for endoluminal repair, although several workers are 
now describing methods for performing endovas- 
cular repair ofaneurysms that involve the iliac system 
extensively. 24,2s Only two patients met the current 
criteria for endoluminal straight grafting. 
MRI and duplex sonography are noninvasive and 
do not use ionizing radiation. Both modalities accu- 
rately predicted AP diameters of the neck, aneurysm, 
cuff, and common iliac arteries, but duplex scanning 
was a poor predictor of neck length. MRI also 
indicates potential hazards within the iliac system. 
When available, MRI provides comprehensive details 
for patient selection and should be considered when 
an endovascular repair is being contemplated. How- 
ever, for the diagnosis and monitoring of AAA dimen- 
sions, ultrasonography will probably continue to be 
the primary screening test, because it is also inexpen- 
sive and readily available. 
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